were utilized to evaluate the impact of lipoatrophy on the HRQL in HIV-infected individuals receiving ART. This was evaluated using analysis of variance with item scores and mental component summary (MCS) and physical component summary (PCS) scores from the Medical Outcomes Trust questionnaire, SF-8 as dependent variables and lipoatrophy as the independent variable controlling for baseline age, sex and ethnicity. Clinical meaningfulness (mean difference divided by population standard deviation, d/s) of differences between the groups with and without lipoatrophy was also evaluated. A cohort of 1124 subjects with at least six months of ART was selected based on the availability of data on whether or not lipoatrophy was present. Subjects were primarily male (80%), between the ages of 30 and 60 years (90%), Hispanic (37%) and about 25% each of African American and White. Overall, prevalence of lipoatrophy in this cohort of HIV patients was 18.9%. Statistically significant (p B0.001) differences in quality of life (as measured by SF-8 individual item scores and MCS and PCS scores) were observed between the two groups. The differences between the groups in item and summary scores were clinically meaningful in the small to near medium range (0.28Á0.43). HIV-infected patients already experience a considerable deficiency in HRQL compared to general population; this study demonstrates that lipoatrophy further enhances that negative impact on HRQL.
Introduction
Metabolic and morphological side-effects occur in HIV-1 infected individuals receiving anti-retroviral treatment (ART) (Moyle, Brown, Lysakova, Barton, et al., 2006) . Peripheral fat loss, particularly occurring in the face, limbs and/or buttocks, is also known as lipoatrophy. In a Swiss HIV cohort study, the prevalence of abnormal body fat distribution in HIV-treated individuals was assessed (Bernasconi et al., 2002) and fat loss in the face, leg(s), arm(s) and/or buttock(s) was reported by 28% of the study subjects. Santos, Felipe, Braga, Ramos, Lima, et al. (2005) , from Brazil, interviewed a total of 457 patients in a university outpatient facility for the treatment of adults and adolescents with HIV/AIDS in the city of Sao Paulo, Brazil, between September and December 2001. They reported about 37% of self-perceived peripheral fat loss. In ACTG study 5142 (ACTG, 2007) , where a protease inhibitor (PI)-sparing group, a non-nucleoside reverse transcriptase inhibitor (NNRTI)-sparing group and a nucleoside/nucleotide reverse transcriptase inhibitor (NRTI)-sparing group were compared, lipoatrophy was diagnosed by Dual-X-Ray Absorptiometry (DEXA) and greater than 20% loss of extremity fat was considered lipoatrophy. Incidence of lipoatrophy was 32% in the PI-sparing group, 17% in the NNRTI-sparing group and 9% in the NRTI-sparing group.
HIV-infected individuals with no report of lipoatrophy experience HRQL reductions commensurate with disease severity (Table 1) (Revicki, Sorenson, Wu, et al., 1998; Ware et al., 2001) . Lipoatrophy results in noticeable weight loss in the extremities and reductions in physical and mental strength and vitality and can be highly stigmatizing (Bernasconi, Boubaker, Junghans, Flepp, Furrer, et al., 2002; Tien & Grunfeld, 2004) . Patients with lipoatrophy face the potential of worsening fat redistribution with continued therapy or the possibility of worsening virologic control and disease progression with a change in therapy (Lenert & Feddersen, 2002) . The combination of negative effects on physical and mental function and self-esteem may have a further adverse impact on HRQL, attitude towards treatments and *Corresponding author. Email: rukmini.rajagopalan@abbott.com adherence and treatment effectiveness (Ammassari, Antinori, Cozzi-Lepri, Trotta, Nasti et al., 2002; Guaraldi, Murri, Orlando, Orlandi, Sterrantino et al., 2003; Power, Tate, McGill & Taylor, 2003; Reynolds, Neidig, Wu, Gifford & Holmes, 2006) .
The objective of this data analysis was to evaluate the impact of lipoatrophy on the health-related quality of life in HIV-infected individuals receiving ART using the Consumer Health Sciences (CHS) Survey data collected between November 2003 and January 2006.
Methods

Survey database
Consumer Health Sciences survey data are marketed to any pharmaceutical company interested in purchasing the survey data. The pharmaceutical companies may or may not have a product in the market/ development. Various pharmaceutical companies provide funding for this questionnaire, but by no means do CHS promote any products.
The questionnaire does not necessarily target any particular side-effect for the HIV cohort. The HIVinfected individuals are asked to check off whatever conditions they have, either as co-morbidities or as side-effects, from the exhaustive list on the survey. In addition, they are all administered the SF-8 Medical Outcomes Trust questionnaire to evaluate their health-related quality of life. Consumer Health Sciences recruited HIV patients from both community-based centers and clinics for uninsured persons and also using advertisement in newspapers and websites via Lightspeed Research panel of US customers. Recruiters contacted the centers and asked them to participate in the survey activities. They were then sent a pack of materials required for the project. The centers would be paid per completed questionnaire returned to CHS and respondents would also be paid an incentive for their participation. Multiple-source methodology removes the inherent bias of using too few sources and enhances the quality of the panel. The goal for CHS was to have a nationally representative view of the HIV/AIDS marketplace.
Given that the database for Wave 1 was not readily available in addition to the time limitations of the project, only Waves 2 and 3 were utilized.
The response data were managed by the CHS, Inc. and were licensed out for research purposes. Survey data were collected in two waves as follows:
. Wave 2: Survey packages were distributed to HIV-infected individuals in 257 community centers/clinics and interested HIV-infected individuals completed the surveys, which were returned to CHS: n 01024; data collected from November 2003 through February 2005. . Wave 3: In addition to the above method, inperson (self-administered) interviews and Internet interviews were used with HIV-infected individuals: n 01001; data collected from October 2005 through January 2006 ( Table 2 ).
The number of individuals to whom the survey was distributed in the community centers/clinics was not documented. However, it is apparent that the individuals' decision-making process to respond was highly unlikely to be influenced by the presence or absence of lipoatrophy. We are certain that this bias was avoided because: (1) the survey instrument contained an exhaustive list of items pertaining to HIV/AIDS (lipoatrophy was only one among them); and (2) the prevalence of lipoatrophy (18.9%) in our cohort is consistent with the range we found in the literature.
Eligibility criteria
Patients must have used an HIV prescription product for at least six months and have non-missing data for each of the covariates of interest (SF-8, lipoatrophy [occurrence of both weight loss and facial atrophy as reported by patients], age, gender and ethnicity). The total number of patients included in the analysis 01124. The remaining 901 individuals who did not meet the criteria were excluded from the analysis.
Statistical analysis
The impact of lipoatrophy was evaluated using linear regression with: (1) each item score; (2) MCS; and (3) PCS scores from the Medical Outcomes Trust questionnaire, SF-8 as dependent variables. Lipoatrophy (based on the participant response of either 'yes' or 'no' to the survey question) was the primary independent variable controlling for baseline age, sex and ethnicity as covariates. All tests are two-sided with a significance level below 0.05. Clinically meaningful effect measured as mean difference between the groups with and without lipoatrophy divided by population standard deviation (d/s) was also evaluated. This effect size is graded as small (]0.2 and B0.5), medium (]0.5 and B0.8) and large (]0.8) (Cohen, 1988) .
Results
A cohort of 1124 subjects met the selection criteria. Demographic data are shown in Table 3 .
Overall, the prevalence of lipoatrophy was 18.9%. Statistically significant (pB0.001) differences in HRQL (as measured by SF-8 individual item scores and MCS and CS scores) were observed between the two groups (Table 4 ). The differences between the groups in item and summary scores were clinically meaningful with Cohen's effect size in the small to near medium range (0.26 to 0.43).
Prevalence of lipoatrophy regardless of weight loss was 30.2% in this same cohort. In this secondary analysis, also, statistically significant (p B0.001) differences in health-related quality of life (as measured by SF-8 individual item scores, MCS and PCS scores) were observed between the two groups. The clinically meaningful differences (Cohen's effect size) between the groups in item and summary scores ranged from 0.16Á0.33 (data not shown).
Discussion
In this study, lipoatrophy was associated with a negative impact on the HRQL in HIV-infected individuals. Data used for this analysis were extracted from the CHS survey responses, which were voluntarily provided by a cohort of self-selected HIV-infected individuals. Whether the subjects that responded to surveys of this sort reflect the general population of HIV-infected individuals is not certain. Therefore, caution is essential in generalization of these data across diverse demographical groups. However, with regard to lipoatrophy, the prevalence of 18.9% is consistent with the prevalence of lipoatrophy found in other published data (ACTG 2007; Bernasconi, Boubaker, Junghans, Flepp, Furrer et al., 2002; Santos, Felipe, Braga, Ramos, Lima et al., 2005) . Again, it should be noted that individual's self-perception was the sole support for the data. Structured research studies use objective evaluations to diagnose lipoatrophy and they vary in the criteria they use (for example, the ACTG study considered a patient to have lipoatrophy only if at least 20% of atrophy was demonstrated by DEXA (ACTG, 2007) . Researchers have demonstrated that NRTI therapy is associated with mitochondrial DNA depletion and cell death, explaining the high end of incidence rate in the PI-sparing group of the ACTG study (Mauss, Corzillius, Wolf, Schwenk, Adam et al., 2002; Nolan, Hammond, Martin, Herrmann et al., 2003 , Powderly, 2003 Sax & Gathe, 2005) . In the ACTG-5142 study, subjects who received Efavirenz (EFV) in combination with NRTIs had significantly higher rates of lipoatrophy than subjects who received lopinavir/ritonavir in combination with NRTIs, not including the Tenofovir combinations (ACTG, 2007) . When patients report self-perceived fat loss in face, limbs and buttocks, they also report its negative impact on HRQL, particularly self-esteem, social contacts, sexuality and daily activities (Bernasconi, Boubaker, Junghans, Flepp, Furrer et al., 2002; Mauss, Corzillius, Wolf, Schwenk, Adam et al., 2002; Nolan, Hammond, Martin, Taylor, Herrmann et al., 2003; Powderly, 2003) . The CHS data reflect similar findings that lipoatrophy contributes substantially to reductions in HRQL.
Conclusion
HIV-infected individuals experience a considerable reduction in health-related quality of life compared to the general population. The current analysis demonstrates that further significant reductions in HRQL occur in HIV-infected individuals who also report lipoatrophy.
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